Melansporellaceae fam. nov. is introduced to accommodate a genus of diaporthalean fungi that is a phytopathogen causing walnut canker disease in China. The family is typified by Melansporella gen. nov. It can be distinguished from other diaporthalean families based on its irregularly uniseriate ascospores, and ovoid, brown conidia with a hyaline sheath and surface structures. Phylogenetic analysis shows that Melansporella juglandium sp. nov. forms a monophyletic group within Diaporthales (MP/ML/BI=100/96/1) and is a new diaporthalean clade, based on molecular data of ITS and LSu gene regions. Thus, a new family is proposed to accommodate this taxon.
Introduction
The ascomycetous order Diaporthales (Sordariomycetes) are well-known fungal plant pathogens, endophytes and saprobes, with wide distributions and broad host ranges (Castlebury et al. 2002 , Rossman et al. 2007 . Diaporthe spp. cause various diseases, e.g., chestnut blight caused by Cryphonectria parasitica (Murrill) (gryzenhout et al. 2006) ; stem-end rot of citrus fruits infected by Diaporthe citri Wolf (huang et al. 2013) , and willow and walnut canker or dieback disease caused by Cytospora chrysosperma (Pers.) Fr. (Fan et al. 2014 (Fan et al. , 2015 . The order Diaporthales is characterized by brown to black perithecial ascomata immersed in stromata or the substrata, and a diaporthalean-type centrum development, i.e., lacking true paraphyses, and having unitunicate asci that commonly float free at maturity, often with a refractive ring at the apex (Barr 1978 , Castlebury et al. 2002 , Maharachchikumbura et al. 2015 .
The families of Diaporthales have been treated differently by various mycologists. Castlebury et al. (2002) postulated six major lineages within this order, recognized as the Cryphonectria-Endothia complex, Diaporthaceae sensu stricto, gnomoniaceae sensu stricto, Melanconidaceae sensu stricto, Schizoparme complex and valsaceae sensu stricto. When Rossman et al. (2007) reviewed the Diaporthales, nine families were recognized, i.e., Cryphonectriaceae, Diaporthaceae, gnomoniaceae, Melanconidaceae, Pseudovalsaceae, Schizoparmeaceae, Sydowiellaceae, Togniniaceae and valsaceae. Kirk et al. (2008) added Melogrammataceae and listed ten families in this order, whereas placed Melogrammataceae within Xylariales rather than Diaporthales based on ITS and LSu sequence data. Pseudoplagiostomaceae, harknessiaceae and Tirisporellaceae were also added to the Diaporthales (Cheewangkoon et al. 2010 , Crous et al. 2012 ). voglmayr & Jaklitsch (2014 resurrected Stilbosporaceae, while Togniniaceae was reallocated to the Togniniales (gramaje et al. 2015 , Maharachchikumbura et al. 2015 . Fan et al. (2016) revised the genus Melanconis from Betula and listed 12 known families of Diaporthales. Norphanphoun et al. (2016) indicated Melanconis desmazieri was synonymized under Lamproconium desmazieri with Lamproconiaceae fam. nov., and listed 13 families in this order. In spite of these changes, the phylogenetic placement of many genera in the Diaporthales remains unknown, and many families still await to be elucidated.
In the present study, we examined taxonomy and phylogeny of new Melanconis-like specimens from China within the Diaporthales. a distinct family level clade from Juglans regia L. was found based on analysis of combined ITS and LSu gene regions. Species in this clade have different morphologies from the presently known families of Diaporthales. Thus, a new family is proposed to accommodate this taxon.
Materials and methods

Isolates
Fresh specimens of diaporthalean fungi were collected from infected branches or twigs during collecting trips in gansu and heilongjiang Provinces in China (Table 1) . Five isolates were made by removing a mucoid spore mass from conidiomata or ascomata, and spreading the suspension onto the surface of 1.8 % potato dextrose agar (PDa) in a Petri-dish, and incubating at 25 °C for up to 24 h. Single germinating conidia were transferred onto fresh PDa plates. Specimens are deposited in the Museum of the Beijing Forestry university (BJFC). axenic cultures are maintained in the China Forestry Culture Collection Center (CFCC). Facesoffungi and MycoBank number are provided (Jayasiri et al. 2015 , MycoBank 2017 . Note: Type species strains are in black bold DNA amplification and sequencing genomic DNa was extracted using the Wizard® genomic DNa Purification Kit (Promega, Madiso, WI, uSa) following the manufacturer's instructions, from fungal mycelium growing on PDa. DNa was estimated by electrophoresis in 1 % agarose gels. PCR amplifications were performed in a DNa engine (PTC-200) Peltier Thermal Cycler (Bio-Rad Laboratories, Ca, uSa). The ITS region was amplified with the primers ITS1 and ITS4 (White et al. 1990) , and the partial large nuclear ribosomal RNa subunit (LSu) region was amplified using primers NL1 and NL4 (o 'Donnell 1993) . The PCR amplification products were estimated visually by electrophoresis in 2 % agarose gels. DNa sequencing was performed using an aBI PRISM® 3730XL DNa analyzer with BigDye® Terminater Kit v.3.1 (Invitrogen) at the Shanghai Invitrogen Biological Technology Company (Beijing, China).
Phylogenetic analysis
DNa sequences generated by each forward and reverse primers were used to obtain consensus sequences using Seqman v.7.1.0 in the DNaSTaR lasergene core suite software (DNaSTaR, Madison, WI, uSa) . Reference sequences were selected based on type species in each family of Diaporthales available in genBank. The single gene sequences were initially aligned with Clustal W as implemented in Mega 6 and improved in MaFFT v.7 (Katoh & Standley 2013 , Tamura et al. 2013 . Sequences for the genes and genetic markers of each genus were selected based on the loci recently used for these genera in published literature (Table 1) . Maximum parsimony (MP) analysis was performed using PauP v. 4.0b10 with a heuristic search option of 1000 random-addition sequences with a tree bisection and reconnection (TBR) branch swapping algorithm (Swofford 2003) . The branches of zero length were collapsed and all equally parsimonious trees were saved. other parsimony scores such as tree length (TL), consistency index (CI), retention index (RI) and rescaled consistency (RC) were calculated (Swofford 2003) . RaxMLv.7.2.8 was used to construct a maximum likelihood (ML) tree with gTR+g+I model of site substitution including estimation of gamma-distributed rate heterogeneity and a proportion of invariant sites (Stamatakis 2006) . The branch support was evaluated with bootstrapping method of 1000 replicates (hillis & Bull 1993) .
MrModeltest v. 2.3 was used to estimate the best nucleotide substitution model settings for each gene (Posada & Crandall 1998) . Bayesian inference (BI) was performed based on the individual DNa dataset from the results of the MrModeltest, using a Markov Chain Monte Carlo (MCMC) algorithm in MrBayes v. 3.1.2 (Ronquist & huelsenbeck 2003) . Two MCMC chains were run from random trees for 10000000 generations and stopped when average standard deviation of split frequencies fell below 0.01. Trees were saved each 1000 generations. The first 25 % of trees were discarded as the burn-in phase of each analysis, and the posterior probabilities (BPP) were calculated to assess the remaining trees (Rannala & Yang 1996) . The branch support from MP and ML analysis were evaluated with a bootstrapping (BS) method of 1000 replicates (hillis & Bull 1993) . Magnaporthe grisea (T.T. hebert) M.e. Barr (Ina168) and M. salvinii (Catt.) R.a. Krause & R.K. Webster (CBS 243.76) were selected as outgroup in all analyses. Phylograms are shown using Figtree v. 1.3.1 (Rambaut & Drummond 2010) . Novel sequences generated in the current study were deposited in genBank (Table 1 ) and the aligned matrices used for phylogenetic analyses were maintained in TreeBaSe (www.treebase.org; accession number: S20683).
Morphology
Species identification was based on morphological features of the fruiting bodies produced on infected plant tissues and micromorphology, as well as cultural characteristics. Morphological characteristics of the fruiting bodies were examined using a Leica stereomicroscope (M205 Fa), and features recorded including size and shape of stromata and presence or absence of central column. Micro-morphological observations included colour, size and shape of conidiophores and conidia (asci and ascospores); presence or absence of sheath and surface structures in conidia determined using a Leica compound microscope (DM 2500). More than 20 fruiting bodies were sectioned, and 50 spores were selected randomly for measurement. Cultural characteristics of isolates incubated on PDa in the dark at 25 °C were recorded, including the colony colour and pycnidium structure.
Results
The sequence dataset of Diaporthales including five strains from this study and 58 reference strains from recent studies were analyzed based on ITS and LSu (Castlebury et al. 2002 , gryzenhout et al. 2006 , Mejía et al. 2008 , udayanga et al. 2011 , gomes et al. 2013 , Norphanphoun et al. 2016 . The alignment consisted of 1281 characters including gaps, of which 737 characters are constant, 102 variable characters are parsimony-uninformative, and 442 are parsimony informative. a heuristic search generated 24 parsimonious trees, and the best tree (TL = 1689, CI = 0.513, RI = 0.803, RC = 0.412) is shown (Fig. 1) . The 63 isolates clustered in 15 clades corresponding to 14 families in Diaporthales, and one clade referring to Melanconiella. The isolates of the current study clustered into a novel phylogenetic taxon at family level, which formed a strongly support clade (MP/ML/BI = 100/96/1). Tree topologies of all genera computed from MP, ML and BI analyses were similar for the individual gene region and in the combined dataset.
Taxonomy
Melansporellaceae C.M. Tian & Z. Du, fam. nov. (Fig. 2 
) MycoBank 820305
Type genus:-Melansporella.
Description:-Pathogen causing canker on branches or twigs of walnut and producing distinct pustules. Ascomata globose to subglobose, dark brown to black, with long black necks, penetrating through the ectostroma, convergent to disc. Asci inoperculate, unitunicate, oblong or fusoid, thin-walled, 8-spored. Ascospores irregularly uniseriate, fusoid, hyaline, 1-septate, constricted at the septum. Pycnidial conidiomata with waxy-gelatinous substance and a single locule. ectostroma breaking through the bark, with saffron to black disc. Central column beneath the disc more or less conical and becoming light brown or olive coloured at maturity. The marginal part of ectostroma comprises conidiophores and their basal cell layers. Conidiophores unbranched. Conidiogenous cells cylindrical, hyaline to light brown, smooth-walled, forming a single conidium at the conidiophore apex. Conidia hyaline initially, becoming dark brown when mature, ovoid, with distinct hyaline sheath, unicellular, with verrucae structures on surface. Notes:-order Diaporthales includes 13 families (Norphanphoun et al. 2016) . The new family Melansporellaceae forms a monophyletic lineage using combined ITS and LSu sequence data (Fig. 2) . although Melansporellaceae shares some morphological similarities to the family Melanconidaceae, several characters separate them. Species of Melanconidaceae, are characterized by ovoid, olive-brown, aseptate alpha conidia (Kobayashi 1970 , Castlebury et al. 2002 , Fan et al. 2016 . Melansporellaceae can be distinguished by its sheathed conidia, which are larger (24 × 14 µm vs. 12 × 5.5 µm) and brown with surface structures. In addition, ascospores are usually biseriate in Melanconidaceae species, but uniseriate in Melansporellaceae (Kobayashi 1970) . The former always occur on members of the Betulaceae (Castlebury et al. 2002 (Castlebury et al. , voglmayr et al. 2012 , whereas Melansporellaceae were collected only from Juglandaceae in the current study. Culture characterisctics:-Culture growth on PDa is initially white, becoming yellowish after 3-5 days. The colony is flat, with an irregular edge, texture uniform, producing dark green to black pigment after 7-10 days. Conidiomata sparse, irregularly distributed over agar surface, black mucous conidia were produced on the colony.
Material examined:-ChINa. heilongjiang Province: harbin City: heilongjiang Botanical garden, 45°42'21.10"N, 126°38'42.87"e, 128 Notes:-Melansporella juglandium is the type species of Melansporella, and only occurs on Juglans regia. Isolates were identified as Melansporella juglandium based on holomorphic morphology characters, host, and high support in the phylogeny (MP/ML/BI=100/96/1). hence, we treat this taxon as a novel species of Melansporella.
Discussion
The present study revealed Melansporellaceae fam. nov. infecting walnut trees in China, resided in Diaporthales (Fig. 1) . Characteristics of the new family agree with Diaporthales, i.e., perithecia immersed with long necks and a diaporthalean-type centrum development, lack of true paraphyses, and septate ascospores (Barr 1978 , Samuels & Blackwell 2001 , Castlebury et al. 2002 , Kruys & Castlebury 2012 . Melansporellaceae is distinct from other families in Diaporthales in having oblong or fusoid 8-spored, irregularly uniseriate asci and ovoid, brown conidia, with a distinct hyaline sheath and surface structures. Phylogenetic analyses showed Melansporellaceae to be a distinct group based on combined ITS and LSu sequence data from 63 taxa.
The family Melansporellaceae based on type genus Melansporella is recognized as a separate group in Diaporthales, however the relationship between several known genera remains unresolved. The type species Melansporella juglandium is morphologically similar to Melanconium oblongum Berk. (graves 1919), which is the asexual morph of Melanconis juglandis (ellis & everh.) a.h. graves (graves 1919 (graves , Kobayashi 1970 , residing in Melanconidaceae . Melansporella juglandium clusters in a separate clade from Melanconidaceae with high support (MP/ML/ BI=100/96/1). Melanconis is the only genus in Melanconidaceae, and it has five species, i.e., Melanconis alni Tul. & C. Tul., M. betulae C.M. Tian & X.L. Fan., M. marginalis (Peck) Wehm., M. itoana Tak. Kobay., M. stilbostoma (Fr.) Tul. & C. Tul. (Rossman et al. 2007 , Fan et al. 2016 . Melanconis juglandis does not belong in Melanconidaceae.
Melanconiella is similar to Melanconis but Melanconis juglandis has been separated into Melanconiella (voglmayr et al. 2012) . Melanconis juglandis has no molecular data linked to type materials, so that the relationships between Melanconis, Melanconiella and Melanconium-like dark-spored taxa need resolving by epitypification of their types (sensu ariyawansa et al. 2014) . Several reports have shown that the morphological characteristics traditionally used for circumscribing families may not be as useful as previously indicated (Barr 1978 , 1990 , Castlebury et al. 2002 , gryzenhout et al. 2006 , Moročko & Fatehi 2007 .
Currently, Melansporellaceae is not as species rich as other families in Diaporthales, although the current study extends our knowledge of the order Diaporthales. Strains of Melansporellaceae were found only from Juglans regia as a phytopathogen causing canker and dieback disease. The status of the new family is supported by phylogenetic analysis of ITS and LSu sequence data. establishing taxa at family and ordinal ranks are, however, often fraught with disagreement, as such ranking is usually subjective (Liu et al. 2016 , Samarakoon et al. 2016a . It would be beneficial to establish the divergence times across the families of Diaporthales to establish if they fall within the range of other fungal families (see Phukhamsakda et al. 2016 , Samarakoon et al. 2016b ). This would provide further evidence for the introduction of Melansporellaceae. Further collections and molecular studies are therefore necessary to understand and support the introduction of Melansporellaceae.
